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INTRODUCTION 

Sulfur  i s  a necessary element f o r  t h e  sustenance of a l l  l i v i n g  systems. 
I t  i s  therefore  not  at  a l l  s u r p r i s i n g  t h a t  s u l f u r  i s  found i n  abundance i n  coa l ,  a 
rock composed pr imar i ly  of  organic d e t r i t u s .  

The forms of  s u l f u r  i n  coa l  as repor ted  by  chemical analyses  (ASTM 1974) 
a r e :  organic s u l f u r ,  p y r i t i c  or  s u l f i d e  sulfur, and s u l f a t e  s u l f u r .  The last  two 
a r e  inorganica l ly  combined wi th in  t h e  coa l  and w i l l  be discussed here .  Other ana- 
l y t i c a l  techniques have been used t o  i d e n t i f y  n a t i v e  o r  elemental s u l f u r  i n  coals  
(Yurovski, 1940; B e r t e l o o t ,  1947) and a l s o  i n  modern peats  (Casagrande, in Spackman 
e t  a l . ,  1974, p .  63, 219). The amounts of e lemental  s u l f u r  t h a t  have been reported 
a r e  s m a l l  and would not  b e  s i g n i f i c a n t  i n  coa l  u t i l i z a t i o n .  

Sul fa te  s u l f u r  is  a l s o  general ly  of  only minor importance i n  f resh  coa l  
samples and except i n  rare ins tances  occurs i n  s i g n i f i c a n t  amounts only as t h e  coals 
ox id ize  (weather) .  Organic and p y r i t i c  s u l f u r  comprise e s s e n t i a l l y  a l l  of  t h e  sul- 
f u r  found i n  most coa ls .  
of s u l f u r  i n  var ious coa ls  of t h e  world and these  range from a low of  0.44 percent 
t o  a high of 9.01 percent  t o t a l  sulfur. Only r a r e l y  would one expect t o  f i n d  coals 
i n  which t h e  percentage of  s u l f u r  would not be included i n  t h a t  range. The organic 
s u l f u r  content of t h e  c o a l s  l i s t e d  by Yancey and Geer ranged from 1 1 . 4  percent  t o  
97.1 percent  of t h e  t o t a l  su l fu r .  Gluskoter and Simon (1968) reported a mean value 
of 1.56 f o r  t h e  r a t i o  of p y r i t i c  t o  organic s u l f u r  i n  473 face-channel samples of 
I l l i n o i s  coals. 

Yancey and Geer (1968) l i s t  analyses  of these  two forms 
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Iron Sulfides--Pyrite i s  t h e  dominant s u l f i d e  mineral  found i n  coals .  
Marcasite has a l s o  been found i n  many coals  and may be t h e  dominant form i n  some 
coals  of lower rank (Keme'zys and Taylor ,  1964). P y r i t e  and marcasi te  a r e  dimorphs, 
minerals t h a t  a r e  i d e n t i c a l  i n  chemical composition but  d i f f e r  i n  c r y s t a l l i n e  form. 
P y r i t e  i s  cubic and marcas i te  is orthorhombic. 
be d i f f e r e n t i a t e d  i n  coa ls  except by determining t h e i r  c r y s t a l l i n e  s t r u c t u r e s ,  
usua l ly  by X-ray d i f f r a c t i o n  methods. 
t h e  undi f fe ren t ia ted  i r o n  d i s u l f i d e  minerals i n  coals .  

The two minerals cannot general ly  

The t e r m  "pyri te"  is often used t o  r e f e r  t o  

Rather extreme v a r i a t i o n s  i n  morpholoa,  s i z e ,  and mode of occurrence 
charac te r ize  t h e  i r o n  s u l f i d e  minerals  i n  coals .  These var ia t ions  arise because of 
t h e  d i f f e r e n t  geochemical environments i n  which t h e  minerals were formed and t h e  
time o f  t h e i r  genesis .  
i n  a pea t  swamp and a r e  t h e r e f o r e  syngenetic. 
micrometer-sized p a r t i c l e s  and a l s o  some nodules with diameters as l a r g e  as a meter. 
These syngenet ic  s u l f i d e s  are t h e  response t o  t h e  geochemical environment during o r  
immediately following t h e  pea t  formation, which was approximately 300 mi l l ion  years 
ago f o r  t h e  coals  of carboniferous age. Other of t h e  s u l f i d e s  a r e  ep igenet ic ;  they 
formed within t h e  c o a l  seam subsequent t o  t h e  f i r s t  s tages  of c o a l i f i c a t i o n .  
most common form of e p i g e n e t i c  i r o n  s u l f i d e  i n  c o a l  i s  p y r i t e  deposi ted along ver- 
t i c a l  f r a c t u r e s  ( c l e a t ) .  I am not aware of any repor t  of marcasi te  as an epigenet ic  
mineral  i n  bituminous coa ls  of North America, bu t  a mixed marcasi te-pyri te  c l e a t  
f i l l i n g  i n  a subbituminous coa l  from Wyoming is shown i n  P l a t e  1. Other epigenet ic  
and syngenetic s u l f i d e s  are shown i n  scanning e lec t ron  photomicrographs i n  P l a t e  1. 

Some s u l f i d e s  were formed contemporaneously with t h e  coa l  
The syngenetic p y r i t e  includes sub- 

The 
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Other Sul f ide  Minerals-A number of s u l f i d e  minerals  o t h e r  than i r o n  sul- 
f i d e s  have been repor ted  i n  coa ls ,  inc luding  galena (PbS), cha lcopyr i te  (CfleSp) ,  
arsenopyri te  (FeAsS), and s p h a l e r i t e  (ZnS). 
amounts. However, coals  from northwestern I l l i n o i s  t h a t  conta in  85 much as 5350 ppm 
zinc and up t o  1 percent  s p h a l e r i t e  have recent ly  been descr ibed by Ruch e t  al. 
(1974) and Mi l le r  (1974). 
width ( P l a t e  2) .  

These genera l ly  occur Only i n  S m a l l  

The s p h a l e r i t e  occurs as a c l e a t  f i l l i n g  up t o  10 mm i n  

S u l f a t e  Minerals-Gypsum (C&O4.2HO) and b a r i t e  (Ba.901,) have both been 
i d e n t i f i e d  as c l e a t - f i l l i n g  minerals  o r  i n  nodules i n  unweathered coa ls  ( P l a t e  2) .  
However, t h e i r  occurrences are rare and s u l f a t e  minerals do not  genera l ly  comprise 
a s i g n i f i c a n t  por t ion  of t h e  t o t a l  s u l f u r  i n  coal .  

Because p y r i t e  and marcasi te  oxidize rap id ly  when exposed t o  moist air ,  a 
number of d i f f e r e n t  phases o f  fe r rous  and f e r r i c  s u l f a t e s  may form. 
have been i d e n t i f i e d  as  ox ida t ion  products of i r o n  s u l f i d e s  i n  I l l i n o i s  coa ls  (Glus- 
k o t e r  and Simon, 1968): 
(FeS0~,'7H20), coquimbite (Fep(S04) 3-9H20), roemeri te  (FeSDq.Fe2(SOt,) 3*12H20), and 
n a t r o j a r o s i t e  ( (Na2K)Fe3(S04)2(OH),). 
they can become abundant i n  weathered, oxidized c o a l  samples. 
s u l f u r  reported i n  t h e  chemical analyses  of many coals  i s  a funct ion of t h e  length 
of time s ince  t h e  f resh  sample w a s  co l lec ted  and of t h e  manner i n  which it w a s  sor ted .  
Severa l  i r o n  s u l f a t e s  a r e  shown i n  P l a t e  2. 

The following 

Szomolnokite (FeS04'H20), rozeni te  (FeS04*bHpO), melanter i te  

Although these  are not  present  i n  f resh  coals  
The amount of s u l f a t e  

ACKNOWLEDGEMENTS 

me research repor ted  upon w a s  sponsored i n  p a r t  by Grant No. R800059 
and Contract No. 68-02-0246 from t h e  U.S. Environmental Pro tec t ion  Agency, Demon- 
s t r a t i o n  Pro jec ts  Branch, Control Systems Laboratory, Research Triangle  Park, North 
Carolina. A l l  of t h e  scanning e lec t ron  photomicrographs were taken with t h e  equip- 
ment of  t h e  Universi ty  of  I l l i n o i s  Center f o r  Elec t ron  Microscopy. 

I 

REFERENCES 

American Society f o r  Tes t ing  and Mater ia ls ,  1974, ASTM s tandard D2492, i n  1974 an- 
nual  book of ASTM s tandards ,  par t  26: Phi ladelphia:  ASTM, p. 507-511. 

Ber te loot ,  J. ,  1947, Presence of n a t i v e  s u l f u r  i n  coal, Variat ions i n  t h e  s u l f u r  con- 
t e n t  from t o p  t o  bottom of a coa l  seam: 
195-206; Chem. Abstr., v. 44 ,  p. 818. 

Ann. SOC. G6ol. Nord., v. 67, p. 

Gluskoter, H. J., and J. A. Simon, 1968, S u l f u r  i n  I l l i n o i s  Coals: I l l i n o i s  S t a t e  
Geological Survey, Circ. 432, 28 p. 

KemeYzys, Michelle, and G. H. Taylor ,  1964, Occurrence and d i s t r i b u t i o n  of minerals  
i n  some Aust ra l ian  coa ls :  Jour. I n s t .  Fuel ,  V. 37, p. 389-397. 

M i l l e r ,  W. G.,  1974, Relat ionships  between minerals  and s e l e c t e d  t r a c e  elements i n  
some Pennsylvanian age coals  of northwestern I l l i n o i s :  Unpub. M.S. Thesis, 
Universi ty  of I l l i n o i s ,  Urbana, I l l i n o i s ,  139 p. 

Ruch, R. R., H. J. Gluskoter, and N. F. Shimp, 1974, Occurrence a n a  d i s t r i b u t i o n  of 
p o t e n t i a l l y  vola t ive  t r a c e  elements i n  coal :  I l l i n o i s  S t a t e  Geological 
Survey Environmental Geology Note 72, 96 p. 

Spackman, W., A. D. Cohen, P. H. Given, and D. J. Casagrande, 1974, The comparative 
study of t h e  Okefenokee Swamp and t h e  Everglades-mangrove swamp-marsh 
complex o f  southern F lor ida :  
Soci.ety of  America Pre-Convention F i e l d  T r i p  No. 6,  November, 1974. 

A f i e l d  guidebook p r i n t e d  f o r  t h e  Geological 



96 

Yancy, H. F., and M. R. Greer ,  1968, Proper t ies  of c o a l  and i m p u r i t i e s  i n  r e l a t i o n  t o  
prepara t ion :  Chapter 1, i n  Leonard, J. W . ,  and D. R.  Mi tche l l ,  eds .  Coal 
P r e p a r a t i o n .  h e r .  I n s t .  Mining Engineers, New York. 

Yurovski, A. Z . ,  B. V. Mangubi, and S. N .  Zyman, 1940, The o r i g i n  of gray p y r i t e  i n  
coa l :  Coke and Chem. (USSR) no. 4-5, p. 7-9; Chem. Abstr.,  v. 37, p. 1107. 

ILLUSTRATIONS 

P l a t e  1. P y r i t e  i n  Coals: Scanning Electron Photomicrographs 
A. Framboids i n  low-temperature ash of  a sample from t h e  DeKoven 

B. Octahedra i n  low-temperature ash of  a sample from t h e  DeKoven 

C. Epigenetic c l e a t  f i l l i n g  i n  a sample of  t h e  @dyke Coal Member 

D. Cast of  p l a n t  c e l l s  from t h e  low-temperature ash of a sample 

Coal Member (bi tuminous) ,  southern I l l i n o i s  

Coal Member (bi tuminous) ,  southern I l l i n o i s  

(b i tuminous) ,  southern I l l i n o i s  

from t h e  Colches te r  (No. 2)  Coal Member (bi tuminous) ,  nor thern  
I l l i n o i s  

E. Epigenetic p y r i t e  along i n c l i n e d  shear  sur face  i n  a sample of l i g -  
l i g n i t e ,  North Dakota 

F. Epigenetic c l e a t  f i l l i n g  i n  a sample from t h e  Colchester 
(No. 2)  Coal Member (bi tuminous) ,  northern I l l i n o i s  

P l a t e  2. S u l f i d e  and S u l f a t e  Minerals i n  Coals: Scanning Elec t ron  Photomicrographs 
A. Marcasite,  e p i g e n e t i c ,  along c l e a t  i n  a sample from a sub- 

bituminous c o a l ,  Wyoming 
B. S p h a l e r i t e  (ZnS),  along c l e a t  i n  a sample from t h e  Herr in  (No. 6 )  

Coal Member (bi tuminous) ,  northwestern I l l i n o i s  
C. Barite (BaS04) wi th  marcasite and p y r i t e  i n  a sample from a sub- 

bituminous c o a l ,  'dyoming 
D, E ,  and F. I r o n  s u l f a t e s  which formed on bituminous coa l  samples 

subsequent t o  t h e i r  having been c o l l e c t e d  from f r e s h  exposures. 
. X-ray d i f f r a c t i o n  analyses of t h e s e  samples i d e n t i f i e d  m e l a n t e r i t e  

(FeS04.7H20) and coquimbite (Fep(S04) 3*9H20). 
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P l a t e  1. Pyrite in Coals 
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Plate  2. Sulfide and Sulfate  Minerals i n  Coals 


